ABSTRACT. Capparis spinosa L. is an important medicinal species in the Xinjiang Province of China. Ten natural populations of C. spinosa from 3 locations in North, Central, and South Xinjiang were studied using morphological trait inter simple sequence repeat (ISSR) molecular markers to assess the genetic diversity and population structure. In this study, the 10 ISSR primers produced 313 amplified DNA fragments, with 52% of fragments being polymorphic. Unweighted pair-group method with arithmetic average (UPGMA) cluster analysis indicated that 10 C. spinosa populations were clustered into 3 geographically distinct groups. The Nei gene of C. spinosa populations in different regions had Diversity and Shannon's information index ranges of 0.1312-0.2001 and 0.1004-0.1875, respectively. The 362 markers were used to construct the dendrogram based on the UPGMA cluster analysis. The dendrogram indicated that 10 populations of C. spinosa were clustered into 3 geographically distinct groups. The results showed these genotypes have high genetic diversity, and can be used for an alternative breeding program.
INTRODUCTION
Capparis spinosa L. belongs to the family Capparidaceae. The geographical origin of C. spinosa is disputed, with supporters claiming origins in China, India, and central Asian. The plant grows in desert regions of China, including the Gobi. The flower buds of C. spinosa have long been employed in culinary and medicinal practices; the buds can be used as a flavoring in cooking or as a diuretic, antihypertensive, poultice and tonic in traditional medicine (Baytop, 1984) . In China, C. spinosa is mainly distributed in the Xinjiang province. Its fruits have been used in traditional medicine to treat rheumatic arthritis and gout (Fu et al., 2007) .
Understanding the level of genetic diversity and the population genetic structure is important for medicinal plant species, because this allows the establishment of effective and efficient conservation practices and can guide choices for their genetic management. Nowadays, it is possible to use several molecular methods to analyze the genetic variability in plant species. One of them, inter-simple sequence repeat polymorphisms (ISSR), have been successfully used for genetic analysis of medicinal plants, as they require no prior knowledge of the DNA sequence and are universally applicable as dominant markers (Sa et al., 2011) for rapid exploratory work on new species. Furthermore, ISSRs have been demonstrated to be useful for the analysis of inter-and/or intra-specific genetic diversity in different Gentianaceae species (Ge et al., 2005; Zhang et al., 2007; Yang et al., 2011; Zheng et al., 2011) .
Genetic variation within and among natural populations is crucial for the long-term survival of a species. Especially for medicinal species, an accurate estimate of the genetic variation among or within its populations could be helpful to address its status (Brown et al., 1996; Dávila, et al., 1998; Ge et al., 1999; Camacho et al., 2001) , and provide fundamental information in designing conservation programs (Neigel, 2002) . In this study, for the first time the population-level genetic diversity of C. spinosa was analyzed using ISSR markers to determine the genetic differentiation between populations from different regions in Xinjiang. It will provide invaluable information for future C. spinosa L. conservation and management programs.
MATERIAL AND METHODS

Plant materials
Ten populations were sampled from 3 geographically separate locations in North, Central, and South Xinjiang (Figure 1) . At each location, samples were randomly collected from 8-10 C. spinosa individuals from 10 sites (accessions) separated by a distance of approximately 10 m (Table 1) .
DNA extraction
Genomic DNA was extracted from young leaves following the CTAB (Cetyl Trimethyl Ammonium Bromide) Method. DNA concentration and quality was assessed on 1% agarose gel using a NanoDrop spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA).
were conducted using 22 primers (Table 2) to characterize the 94 Capparis spinosa L. samples. The 20-μL mixture contained 10 ng template DNA, 2.0 μL 10X PCR buffer, 1.0 μL（0.1 mM）dNTPs (Tiangen, Beijing, China), 2% formamide, 100 nM each primer, 1.5 U Taq polymerase (Tiangen, Beijing, China), and double-distilled water. Amplifications were performed using a BioRAD C1000 Thermal Cycler (Applied Biosystems,California, America) with the following PCR program: 5 min initial denaturing at 94°C, 40 cycles of 94°C for 45 s, 1 min for annealing at the primer-specific melting temperature, and 72°C for 90 s, followed by a final extension of 5 min at 72°C. First, the PCR products were analyzed by electrophoresis on 1.0% agarose gel with 0.5X TBE buffer. All products were analyzed on 1.5% (p/v) agarose gels stained with loading buffer. A 100-bp DNA ladder was used as a size marker. 
Data analysis
The percentage of polymorphic loci (P), effective numbers of alleles (N E ), gene diversity (expected heterozygosity, H E ), Shannon's diversity index (I), and unbiased genetic distances according to Nei (1978) , were calculated using PopGene32 (Yeh et al., 1999) for both markers. ISSRs are dominant markers, with each band representing the phenotype at a single biallelic locus. Only bands that could be unambiguously scored were used in the analysis. ISSR amplified bands were scored for band presence (1) or absence (0), and a binary qualitative data matrix was formed. The obtained genetic distance matrix was used to perform the cluster analysis and construct the unweighted pair-group method with arithmetic average (UPGMA) dendrogram using Power Marker software (Liu and Muse, 2005) .
The third approach used the program Structure, version 2.3.4 (Pritchard et al., 2000) , which identifies clusters of related individuals from multilocus genotypes. Individuals were assigned (probabilistically) to a cluster or jointly to two or more clusters if their haplotypes indicated that they are admixed; each cluster is characterized by a set of allele frequencies at each locus (Pritchard et al., 2000) . To choose the best number of genetic clusters (K), multiple values were tested (from 1 to 7) using a length of burning period of 10,000 steps and 10 repetitions. The results were analyzed using the on-line tool, Structure Harvester (Earl et al., 2012) , which implements the method of Evanno et al., 2005 to detect the true number of clusters in a non-homogeneous sample of individuals.
RESULTS
The amplification of the ISSR fragments in the 94 individuals, analyzed with ten primers, yielded 313 unambiguous and reproducible electrophoretic bands ranging from 5 to 15 bands for each of the primers, with an average of 9.3 bands per primer ( Table 2 ). The estimates of genetic diversity in C. spinosa demonstrated a remarkable level of genetic variation among populations (PPL = 76.13%, Nei's gene diversity (H E ) = 0.2878); the average genetic diversity at the population level was H E = 0.1686. The percentages of polymorphic loci for a single population ranged from 20.64% (XY) to 47.87% (TLF) with an average of 26.96% in the Tianshan Mountain populations (Table 3) 
Cluster analysis of C. spinosa populations
The neighbor-joining cladogram based on these genetic distances clustered the populations according to their geographical regions of origin (Figure 2 ). Three clusters of populations of C. spinosa from the Tianshan Mountains were obtained in three cladograms with high bootstrap values; the first group consisted of 5 populations from WLMQ, QJ, KLMY and SHZ, all located in the northern part of the region. The second cluster was formed by AKS, KS and HT, the three populations located in the southern region. The third cluster included HM and TLF, the two populations located in the eastern portion of the sampled region. As can be seen from the clustering results, the geographic distribution of the 10 populations and the germplasm, which had a shorter geographical distance, tended to be in the same category. In general, the 10 C. spinosa populations had small genetic distance and high genetic similarity. N = number of polymorphic loci; PPL = percentage of polymorphic loci; N A = observed mean number of alleles per locus; N E = effective mean number of alleles per locus; I = Shannon's information index; H E = Nei's gene diversity. The analysis of individual multilocus genotypes of the 94 samples using the Structure algorithm showed the best clustering solution for K = 3. Figure 3 shows that all individuals of the Tianshan Mountain C. Spinosa populations were assigned to the three remaining clusters: i) individuals from TLF and HM (eastern populations), ii) individuals from AKS, KS and HT (southern populations), and iii) individuals from XY, QJ, KLMY, SHZ and WLMQ (northern populations). Individuals showing probabilities of assignment to more than one cluster were observed in all of the Tianshan Mountains populations, revealing that there has been some gene flow between clusters. The proportions of individuals that have at least a 5% probability of assignment to another cluster were 23.1% for the eastern population group, 29.2% for the northern population group, and 10.1% for the southern population group. 
R = (A, G), B = (C, G, T), N = (A, G, C, T), D = (A, G, T).
DISCUSSION
C. spinosa is a perennial shrub with a patchy distribution. The populations are often located in distant mountain ranges and are isolated from each other by the Gobi or other deserts. In this sturdy, we report the first study of genetic polymorphism in C. spinosa populations using ISSR markers. The high levels of variation among C. spinosa populations may be mainly due to gene flow Nm as low as 0.7093 (Nm = (1 -G ST ) / 2G ST ) When Nm values are less than 1, it can lead to greater genetic variation in populations because genetic homogenization does not occur readily. In addition, the G ST value of C. spinosa populations was 0.4134 which is within the range of G ST values of vegetatively propagated plants (0.410-0.510) (Oscar et al.,2014) . Asexual (clonal) reproduction had a similar effect on the genetic structure of plants as strict self-pollination, which would cause large genetic variation among individuals as well as among populations, leading to a significant genetic differentiation among populations. To identify whether C. spinosa were vegetatively propagated plants or not, tools other than G ST values should be used to investigate the reproductive origin. The first cluster, which contains populations WLMQ, QJ, KLMY, SHZ, and XY, had larger genetic similarity and medium-sized fruit. The remaining populations, with the exception of KS and HT, formed another cluster and had large fruit. Genetic differences may have been reflected in the phenotype of fruits; further research of C. spinosa genetic variation should be carried out in combination with morphological analyses. C. spinosa was discovered in TLF population range and is most widely used as a medicine. From this study, genetic analysis can be utilized to determine suitable growing conditions for planting and provide the basis for resource protection of C. spinosa and similar medicinal plants.
